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ABSTRACT
Objective We surveyed UK practice of National Institute 
for Health and Care Excellence (NICE) “Recent onset 
chest pain” guidance (CG95, 2016), stratified by sex. We 
looked for sex- related differences in referral to computed 
tomographic coronary angiography (CTCA) and subsequent 
functional imaging (FI), invasive coronary angiography 
(ICA) and revascularisation.
Methods This was a prospective analysis of CTCA 
practice in 8 UK centres between 2018 and 2020. 
Coronary artery disease (CAD) was recorded with the 
CAD- reporting and data system. Local electronic records/
archiving/communication systems were used to collect 
data regarding subsequent FI, ICA and revascularisation.
Results 2301 women, 2326 men underwent CTCA; 
women were older (58±11 vs 55±12 years, p<0.001) but 
more likely to have normal coronary arteries (46% (1047) 
vs 29% (685); p<0.001) and less likely to have severe 
stenosis (7% (169) vs 13% (307); p<0.001). FI was used 
less for 4% (93) women, 5% (108) men; ICA was also 
used less for women (8% (182) vs 14% (321)), as was 
revascularisation (4% (83) vs 8% (177), p<0.001 for all), 
including those with ≥moderate CTCA stenosis undergoing 
ICA (53% (79) vs 61% (166); p<0.001).
Conclusions Women referred for a NICE CG95 (2016) 
CTCA are more likely to have normal coronary arteries 
and men more likely to have CAD. More men than women 
will then undergo ICA and revascularisation even after 
adjustments for CTCA disease severity. Raised awareness 
of these inequalities may improve contemporary chest 
pain care.
INTRODUCTION
Traditionally, in the management of 
suspected stable angina, women are less likely 
than men to be referred for cardiac investi-
gations or undergo coronary revascularisa-
tion.1 More recently, the major ‘test and treat’ 
studies for the evaluation of stable chest pain 
comparing computed tomographic coronary 
angiography (CTCA) to functional cardiac 
imaging or standard care have undergone 
post hoc analysis stratified by sex, which have 
revealed interesting disparities.2 3 Obstructive 
coronary artery disease is less common in the 
women enrolled into these research studies, 
compared with the men. However, CTCA 
is also advocated as providing as much, or 
possibly more, benefit to women as compared 
Key questions
What is already known about this subject?
 ► The 2016 iteration of the National Institute for Health 
and Care Excellence (NICE) guidance for the assess-
ment and diagnosis of recent- onset stable chest 
pain of suspected cardiac origin (Clinical Guideline 
95 (CG95 2016)) is clear in its recommendations 
regarding computed tomographic coronary angiog-
raphy (CTCA) as a first- line investigation and when, 
and how, to do onward cardiac investigations. Post 
hoc analysis of the ‘test and treat’ research studies 
evaluating CTCA and non- invasive cardiac imaging 
predominantly for patients with stable chest pain 
have given evidence of a disproportionate number 
of women with normal coronary arteries but also a 
tendency to offer more men than women invasive 
testing and subsequent revascularisation.
 ► What is not known is whether these sex- related 
differences exist in the contemporary hospital clin-
ical management of stable chest pain and wheth-
er NICE CG 95 (2016) may have had a beneficial 
effect on the subsequent use of cardiac tests and 
revascularisation.
What does this study add?
In routine clinical use CTCA, for recent- onset 
chest pain assessment, has been shown to be a 
robust test, undertaken with sex equality. However, 
more women have normal coronary arteries and 
more men have atheroma, whether ischaemia is 
inferred or not, suggesting that NICE CG 95 (2016) 
is not being implemented in a sex- equivalent 
fashion. Subsequent to CTCA, more men are 
offered invasive coronary angiography (ICA) and 
revascularisation. These differences favouring 
more invasive investigation and treatment for 
men persist when comparisons are made for 
patients with comparable CT angiographic disease. 
Furthermore, for patients undergoing ICA, having 
had a CTCA finding of atheroma possibly or 
probably associated with ischaemia, women are 
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with men in terms of offering accurate diagnosis and 
subsequent treatment.2 3
The 2016 iteration of the National Institute for Health 
and Care Excellence (NICE) guidance for the assessment 
and diagnosis of recent- onset chest pain of suspected 
cardiac origin (Clinical Guideline 95 (CG95)) recom-
mends diagnostic testing when stable angina cannot be 
excluded by clinical assessment alone.4 The first- line 
diagnostic test suggested is CTCA. The guideline then 
recommends additional diagnostic investigation which 
may be needed following a CTCA, when evidence of coro-
nary artery disease of uncertain functional significance is 
found or the scan is non- diagnostic. Through collabora-
tion with the British Society of Cardiovascular Imaging/
British Society of Cardiovascular Computed Tomog-
raphy (BSCI/BSCCT), we studied 5293 patients across 
the UK referred for CTCA, following recent- onset chest 
pain assessment, according to NICE CG95 (2016) as a 
service improvement initiative.5 We reported the disease 
distribution and down- stream testing provided for these 
patients, of whom 50% were female. Although there has 
been recent publication on the ‘changing landscape of 
non- invasive cardiac testing’ in the UK, no clinical sex- 
related data have been presented.6
It is possible that the previously described sex- based 
disparities in the cardiac investigation and revascularisa-
tion rates of patients with stable chest pain may have been 
modified by the advent of first- line testing with CTCA. 
Therefore, we investigated this using ‘real world’ data. 
We hypothesised that CTCA, by offering a more accurate 
delineation of the extent of any CAD present, may lead 
to rates of invasive coronary angiography (ICA) and 
revascularisation that are similar between the sexes for 
patients with equivalent disease.
METHODS
Study design
This is a multicentre, prospective analysis of the onward 
investigation and treatment of patients with suspected 
stable coronary artery disease. Centres across the UK 
undertaking CTCA in accordance with NICE CG95 (2016) 
were offered the opportunity to collect prospective data 
on patients attending for CTCA through email communi-
cation from the BSCI/BSCCT. It was a requirement that 
centres had access to information on subsequent activity 
for patients. The study was registered as a national audit 
and service evaluation in Plymouth (National audit of 
downstream testing after CTCA following NICE CG95 
(2016) reference: CA_2017-18-191). Centres agreeing to 
collect data registered with their local audit departments. 
Written informed consent and ethical approval was not 
obtained as patient care was not affected. Only fully 
anonymised data were transferred and used in analysis.
Data collection
Each site was required to make two data collections: base-
line data and follow- up data, within 12 months. Baseline 
data were collected for consecutive patients, fulfilling 
NICE CG95 (2016) referral criteria at the time of the 
CTCA, by 10 centres across the UK between January 2018 
and March 2019. Local electronic patient records and 
picture archiving and communication systems (PACS) 
were then used to collect follow- up data, which was 
completed by March 2020.
The first data collection covered demographic infor-
mation and CTCA results. Demographic information 
included age, sex and body mass index (BMI). The 
reporting cardiologist or radiologist decided whether 
the CTCA was diagnostic or not, primarily based on 
their own criteria. For all diagnostic CTCA, the Coro-
nary Artery Disease–Reporting and Data Systems (CAD- 
RADS) score was provided (CAD- RADS 0=0% coronary 
stenosis; CAD- RADS 1=1% to 24%; CAD- RADS 2=25% to 
49%; CAD- RADS 3=50% to 69%; CAD- RADS 4=70% to 
99%; CAD- RADS 5=100% or coronary occlusion), with 
the most severe stenosis defining the patient’s score.7 The 
ability to provide a CAD- RADS score was recommended 
to reporting centres as a secondary method of defining a 
diagnostic CTCA. The CAD- RADS score was then catego-
rised into three groups: CAD- RADS 0, normal coronary 
arteries (NCA); CAD- RADS 1–2, atheroma probably not 
associated with ischaemia; CAD- RADS 3–5, atheroma 
possibly or probably associated with ischaemia.
The second data collection pertained to the comple-
tion of the patient’s diagnostic pathway. Once a decision 
regarding onward investigation or treatment after CTCA 
had been made, and any functional testing for ischaemia 
Key questions
How might this impact on clinical practice?
 ► The difference in the rate of normal coronary arteries between the 
sexes suggests we are testing too few men, or less likely, too many 
women. Once we have found potentially obstructive disease with 
CTCA then equivalent care between the sexes might be expected. 
Unfortunately despite the advent of first line anatomical testing with 
CTCA for stable chest pain there are stark differences between how 
ICA and revascularisation are used, between the sexes. Increased 
awareness and focus on these factors by cardiologists across the 








ctober 14, 2021 at U
niversity of P
lym











3Morgan- Hughes G, et al. Open Heart 2021;8:e001672. doi:10.1136/openhrt-2021-001672
Health care delivery, economics and global health care
(FI), ICA or revascularisation by means of percutaneous 
intervention (PCI) or coronary artery bypass surgery 
(CABG) had been carried out, then the data collec-
tion was complete. If FI was carried out to facilitate the 
decision- making process regarding the need for ICA, 
then this was recorded. If patients presented urgently or 
emergently while planned investigations were pending, 
and underwent further investigation or treatment, then 
these data were included in the analysis. Data collection 
did not allow for re- presentation or re- investigation of 
stable chest pain symptoms.
All data were then anonymised at the collecting site 
and collated in Plymouth as the registered national audit 
centre. One centre submitted uninterpretable data and 
was excluded from the analysis. One further centre did 
not submit demographic data, leaving eight centres 
contributing to this analysis. Once collated, the data were 
split by sex. The analysis then focused on the distribution 
of CAD, the subsequent use of FI, ICA, and revascularisa-
tion, stratified by sex.
Statistical analysis
Results data are referred to as female for the population 
of women or male for the population of men. Patient age 
and BMI are provided as mean±SD; ranges are given in 
table 1. Ordinal categorical variables (CAD- RADS scores) 
are presented as a percentage (number of patients) 
and graphically displayed in bar charts. Statistical anal-
ysis was completed using Statistical Package for Social 
Sciences software statistics V.23 (SPSS, Chicago, Illinois, 
USA). Age and BMI were compared between males and 
females by sex using the Wilcoxon rank sum test. Cate-
gorical variables were compared by sex using χ2 testing. A 
similar approach was used to assess the use of FI, ICA and 
revascularisation across the whole female and male popu-
lations and where appropriate for those with atheroma 
possibly or probably associated with ischaemia, a non- 
diagnostic CTCA or those undergoing ICA. A two- tailed 
p value of<0.05 was taken as statistically significant.
RESULTS
Patient population
The total population contained data from 4627 patients, 
having removed 666 patients with no demographic data 
submitted in the previously described service improve-
ment initiative.5 Patients had a mean age of 57±12 years, 
mean BMI 29±6 kg/m²; 50% (2301) were female and 
50% (2326) male. The females were older than the males 
(58±11 years vs 55±12 years, p<0.001) but had a lower 
body mass index (28.7±6 kg/m² vs male 29.0±5 kg/m², 
p<0.001; table 1).
Disease distribution
Overall, 96% (4446) of CTCA were of diagnostic image 
quality. The male diagnostic scan rate of 97% (2248) 
was higher than the female diagnostic scan rate of 96% 
(2198; p<0.001).
The total and sex- stratified CAD- RADS distributions 
are given in figure 1. Women were more likely to have 
normal coronary arteries (CAD- RADS 0) compared with 
men (46%, n=1047/2301 vs 29% n=685/2326; p<0.001). 
Furthermore, 7% (169) females had CAD- RADS 4 in 
comparison with 13% (307) of males (p<0.001). When 
collated, 17% (n=385) of females had atheroma possibly 
or probably associated with ischaemia as opposed to 28% 
(n=647) of males (p<0.001). For atheroma probably not 
associated with ischaemia, the rates were 33% (n=766) 
for females and 39% (n=916) for males (p<0.001). Men 
were therefore more likely to have atheroma, whether 
ischaemia was inferred or not (table 2).
Functional imaging
Overall, FI was used more frequently in males (5%, 
n=108) than females (4%, n=93; p<0.001). However, when 
atheroma possibly or probably associated with ischaemia 
was identified on CCTA, there was more frequent use of 
FI in females at 14% (n=55/385) versus males at 11% 
(n=72/647, p<0.001; table 3). The full FI data stratified 
by CAD- RADS score and sex are shown in figure 2.
ICA and revascularisation
The rate of ICA following CTCA was higher for males 
at 14% (n=321) than females at 8% (n=182, p<0.001; 
table 3). The full ICA data stratified by CAD- RADS score 
and sex are shown in figure 3. When atheroma possibly 
or probably associated with ischaemia was identified 
on CCTA, the ICA rate remained lower for females at 
39% (n=149/385) than for males at 42% (n=274/647, 
p<0.001). Males were also more likely to have a non- 
diagnostic CTCA followed by ICA than females (29%, 
n=23/78 vs 13%, n=13/103, p<0.001; figure 4).
Similarly, the use of revascularisation was generally 
higher for males at 8% (n=177) compared with females 
Table 1 Patient numbers and characteristics, by sex
Sex Female Male All P value
No of patients 2301 2326 4627 N/A
Mean age in years (range) 58 (20–89) 55 (17–91) 57 (17–91) <0.001
Male (%) 50 50 N/A N/A
Mean BMI, kg/m² (range) 28.7 (15–67) 29.0 (15–64) 28.9 (15–67) <0.001
P value refers to sex- related difference.
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at 4% (n=83, p<0.001; table 3). The full revascularisation 
data stratified by CAD- RADS score and sex are shown in 
figure 5. Men were more likely to undergo revasculari-
sation than women when the CTCA was non- diagnostic 
(12%, n=9/78 vs 4%, n=4/104, p<0.001) and when 
atheroma possibly or probably associated with ischaemia 
was identified (26%, n=166 vs 21%, n=79, p<0.001).
DISCUSSION
We have shown that despite previous studies establishing 
sex- based differences in the care of patients with stable 
chest pain, these still persist in contemporary UK clinical 
practice and have not been improved by the implemen-
tation of NICE CG 95 (2016). One of the major predic-
tors of a CTCA result is the patient’s sex. If the CTCA 
is abnormal, cardiologists are more likely to proceed to 
ICA for a man and functional imaging for a woman. For 
patients undergoing ICA, as a follow- on from CTCA, men 
are more likely to receive revascularisation.
In the post hoc analysis of the Scottish CT of the Heart 
(SCOT- HEART) trial, 50% of women and 26% of men 
had normal coronary arteries at CTCA. Similarly, 41% of 
women and 25% of men in the CT arm of the post hoc 
analysis of the Prospective Multicentre Imaging Study for 
Evaluation of Chest Pain (PROMISE) had normal coro-
nary arteries.2 3 In this paper, we have shown that these 
findings are consistent with ‘real world’ UK patients 
with chest pain who are referred for CTCA, with normal 
coronary arteries occurring in 46% of women and 29% 
of men. Consistent with the previous studies, atheroma 
probably not associated with ischaemia, and atheroma 
possibly or probably associated with ischaemia, are more 
frequent findings on CCTA in men (39% and 28%, 
respectively) than women (33% and 17%, respectively). 
Also as previously described, the women being investi-
gated for suspected coronary artery disease are older 
than the men, although the men had a higher BMI.2
Traditionally, the higher use of ICA in men following 
non- invasive cardiac testing may have been attributed to 
a tendency for cardiologists to dismiss positive FI tests in 
women as ‘false positive’. One hope therefore was that 
this would end with the use of CTCA as the primary diag-
nostic tool, given its more accurate delineation of the 
extent and severity of CAD. However, we have demon-
strated that using CTCA as the primary diagnostic tool 
for stable chest pain investigation does not lead to equiv-
alent delivery of either ICA or revascularisation, between 
the sexes. This applies even when grouped by the extent 
of the disease. A man with a CTCA reporting CAD- RADS 
3 to 5 is more likely to undergo ICA and more likely to 
be treated with revascularisation than a woman with the 
same category of CTCA stenosis. There is also a poten-
tially concerning difference with the data presented in 
the post hoc analysis of the PROMISE trial, in which, once 
ICA was undertaken, the revascularisation rates equal-
ised between the sexes.2 We have been unable to show 
this, even when only patients with atheroma possibly or 
Figure 1 Distribution of CAD- RADS categories identified on 
CCTA following NICE CG 95 (2016), stratified by sex: 4627 
patients, 2301 women, 2326 men. CAD- RADS (abbreviated 
to CR), Coronary Artery Disease–Reporting and Data System; 
CTCA, computed tomographic coronary angiography; NICE 
CG 95 (2016), National Institute of Clinical Excellence clinical 
guideline 95, 2016 iteration.
Table 2 Number (%) of non- diagnostic CTCA, CAD- RADS 0, 1–2 and 3–5 patients, by sex
Sex Female Male All P value
CAD- RADS 0 (%) 1047 (46) 685 (29) 1732 (37) <0.001
CAD- RADS 1–2 (%) 766 (33) 916 (39) 1682 (36) <0.001
CAD- RADS 3–5 (%) 385 (17) 647 (28) 1032 (22) <0.001
Non- diagnostic 103 (4) 78 (3) 181 (4) <0.001
CAD- RADS allows three distinct groups of patients to be defined: those with normal coronary arteries (CAD- RADS 0); those with atheroma 
probably not associated with ischaemia (CAD- RADS 1–2); those with atheroma possibly or probably associated with ischaemia (CAD- RADS 
3–5).
CAD- RADS, Coronary Artery Disease–Reporting and Data System; CTCA, computed tomographic coronary angiography.
Table 3 Functional imaging, ICA and revascularisation 
rates after all CTCA, by sex
Sex Female Male All P value
FI (%) 93 (4) 108 (5) 201 (4) <0.001
ICA (%) 182 (8) 321 (14) 503 (11) <0.001
PCI/CABG (%) 83 (4) 177 (8) 260 (6) <0.001
P value refers to sex related difference.
CABG, coronary artery bypass surgery; CTCA, computed 
tomographic coronary angiography; FI, functional imaging; ICA, 
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probably associated with ischaemia undergoing ICA are 
considered.
The reasons for our findings are likely to be multifacto-
rial. It is of interest that cardiologists appear more willing 
to use FI for women when atheroma possibly or prob-
ably associated with ischaemia is found, but not invasive 
investigation or revascularisation. It is possible we have a 
conditioned response, or implicit bias, to investigate men 
with chest pain more invasively, possibly even taking the 
presentation more seriously. Maybe we are asking a lot of 
a non- invasive imaging test to ‘iron- out’ the differences 
between how the sexes are managed.
The vast majority of women required no further inves-
tigation after CCTA, with 46% having normal coronary 
arteries and 33% having ≤mild stenosis (CAD- RADS 1 
or 2). In the report of the BSCI/BSCCT national audit 
of downstream testing after a NICE CG95 (2016) CTCA, 
overuse of ICA was suggested, and the low rate of revas-
cularisation for patients with a moderate stenosis (CAD- 
RADS 3) was given as a reason to reconsider the need for 
‘blanket’ FI in such patients.5 A trend towards less FI may 
of course be a direct and appropriate consequence of 
the Ischemia Research Group’s findings.8 However, given 
the sex- related distribution of CAD demonstrated here, 
maybe we need to consider if we are putting either too 
many women, or more likely not enough men, forward 
for stable chest pain assessment with CTCA in the first 
place. Neither should we forget the female- specific 
pathophysiological effects of CAD or the need to pursue 
aggressive preventative strategies for those women with 
coronary artery atheroma.9
It may be a disappointment to those involved in cardiac 
CT services across the UK to see the lack of effect the first- 
line anatomical approach of NICE CG95 (2016) has had 
on the sex- related differences in the use of subsequent 
ICA and revascularisation. It throws up a second chal-
lenge to interventional cardiologists. The first challenge 
Figure 2 Use of functional imaging after CTCA, stratified 
by CAD- RADS group and sex. CR or CAD- RADS, Coronary 
Artery Disease–Reporting and Data System; CTCA, 
computed tomographic coronary angiography. Functional 
imaging was generally used more for males although for 
those with atheroma possibly or probably associated with 
ischaemia (CAD- RADS 3-5), this trend was reversed.
Figure 3 ICA rates after CTCA, stratified by CAD- RADS 
score and sex. CR or CAD- RADS, Coronary Artery Disease–
Reporting and Data System; CTCA, computed tomographic 
coronary angiography; ICA, invasive coronary angiography. 
Males were more likely to undergo ICA after CTCA than 
females.
Figure 4 ICA rates for various CTCA findings: normal 
coronary arteries, atheroma probably not associated with 
ischaemia, atheroma possibly or probably associated with 
ischaemia and non- diagnostic, by sex. APNI (CAD- RADS 
1–2), those with atheroma probably not associated with 
ischaemia; APPI (CAD- RADS 3–5), those with atheroma 
possibly or probably associated with ischaemia; CAD- RADS, 
Coronary Artery Disease–Reporting and Data System; CTCA, 
computed tomographic coronary angiography; ICA, invasive 
coronary angiography; NCA (CAD- RADS 0), normal coronary 
arteries. Males were more likely to undergo ICA than females, 
adjusted for degree of CAD.
Figure 5 Revascularisation rates after CTCA, stratified by 
CAD- RADS score and sex. CR or CAD- RADS, Coronary 
Artery Disease–Reporting and Data System; CTCA, 
computed tomographic coronary angiography. Males were 
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is to avoid overuse of ICA or ICA that has little chance of 
resulting in revascularisation; the second is to simultane-
ously offer ICA, and indeed revascularisation, in a sex- 
proportionate and balanced fashion.
Strengths and limitations
Our study provides extensive data, novel in ‘real world’ 
terms, regarding the contemporary investigation of men 
and women having stable chest pain investigation. A 
major strength of this work is the prospective, multicentre 
design and large number of patients. Furthermore, the 
data presented are in some ways remarkably consistent 
with that seen in the carefully constructed and conducted 
randomised control trials.
There are of course limitations to a service improve-
ment initiative or audit, which involves collection of data 
in an observational manner. There may be unadjusted 
confounding factors and referral bias. Every effort has 
been taken to ensure data collection was accurate and 
complete, including ensuring that data analysis was 
re- assessed by each contributing centre to ensure accu-
racy. However, as with all analyses involving healthcare 
records, these may be incomplete, inaccurate or unclear. 
Two centres failed to provide appropriate informa-
tion and have been excluded from this analysis. Other 
centres successfully clarified any unclear or incomplete 
data entries. Furthermore, no information is available for 
other potentially clinically relevant covariates and there-
fore no logistic regression modelling to adjust for asso-
ciation between sex and referral for onward testing was 
possible.
CONCLUSIONS
Although CCTA is used in an equal manner for women 
and men being assessed for stable chest pain, there 
are sex- based differences in subsequent management. 
Women are more likely to have normal coronary arteries 
and men were more likely to have CAD of all severities; 
we may therefore be under- investigating chest pain in 
men. Women with abnormal CCTA were more likely 
to undergo FI than men, whereas men are more likely 
to undergo ICA and revascularisation. This difference 
persists when only patients with atheroma possibly or 
probably associated with ischaemia are considered and we 
may therefore be missing an opportunity to offer women 
appropriate revascularisation. We need to raise awareness 
of this among cardiologists and improve the way in which 
we offer ICA, and revascularisation, after CTCA while 
simultaneously ensuring we avoid ICA overuse.
Twitter Michelle Claire Williams @imagingmedsci
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